In a subset of cases, metastatic renal cell carcinoma can demonstrate significant morphologic overlap with germ cell neoplasms, making accurate diagnosis challenging. In such cases, immunohistochemistry is often used as an adjunct diagnostic tool. Expression of the putative renal cell carcinoma markers PAX-2, PAX-8, and hKIM-1 has been reported in a small series of certain germ cell tumors, raising doubt about their specificity for renal cell carcinoma. To further characterize these markers, we evaluated PAX-2, PAX-8, and hKIM-1 staining in 100 germ cell tumors using tissue microarrays. PAX-2 and PAX-8 staining was identified in 50% and 25% of yolk sac tumors (respectively), with hKIM-1 staining identified in 48% of embryonal carcinomas and 50% of yolk sac tumors. All other germ tumor cells (notably including 62 seminomas) were negative for all 3 markers, in contrast to prior reports of PAX-8 reactivity in seminoma. This study indicates that PAX-2, PAX-8, and hKIM-1 should be used cautiously in distinguishing renal cell carcinoma from nonseminomatous germ cell neoplasia and also adds to the growing list of nonrenal tumors that express these 3 markers.
G erm cell tumors and renal cell carcinoma may show morphologic overlap, particularly on a small biopsy sample, with immunohistochemistry often used for accurate classification. Expression of putative renal cell carcinoma markers PAX-2, PAX-8, and hKIM-1 has been reported in a few germ cell tumors, including seminomas 1 (PAX-8) and yolk sac tumors 2,3 (PAX-2, PAX-8, hKIM-1); however, a thorough characterization in a large series of germ cell tumors has not been previously reported.
MATERIALS AND METHODS
A tissue microarray composed of 100 randomly distributed germ cell tumors [including choriocarcinoma (1) , embryonal carcinoma (21), intratubular germ cell neoplasia unclassified (2), seminoma (61), spermatocytic seminoma (1), teratoma (5) , and yolk sac tumor (8)] using 1.2-mm diameter cores was prepared in triplicate (Stanford tissue microarray 136) and evaluated as described elsewhere. 4 Immunohistochemical expression of PAX-2 (Z-RX2, 1:100, Zymed, San Francisco, CA), PAX-8 (polyclonal, 1:20, Proteintech, Chicago, IL), and anti-hKIM-1 (AKG7, prediluted, Joseph Bonventre Lab, Boston, MA) was evaluated using the standard avidin-biotin technique with a Dako (Carpinteria, CA) autostainer with citrate retrieval on 4-mm thick formalin-fixed, paraffin-embedded freshly cut sections mounted on charged slides and baked at 601C for 1 hour. Clear cell renal cell carcinoma was used as an external positive control tissue, with nonneoplastic and nongerm cell testicular tissues present on the germ cell tumor tissue microarray used as negative controls. Positive reactivity was scored as nuclear (PAX-2, PAX-8) or membranous/cytoplasmic (hKIM-1) with staining intensity scored as none, weak, or strong by 1 author (A.R.S.) manually and intraobserver variability assessed by 3 separate scoring sessions with an interval of 3 weeks between each session.
RESULTS
Of the 100 germ cell tumors evaluated, expression for hKIM-1 was identified in 10 of 21 (48%) embryonal carcinomas ( Fig. 1A ) and 4 of 8 (50%) yolk sac tumors ( Fig. 1B ) (weak to strong in both tumors). PAX-2 and PAX-8 reactivity was identified in 4 of 8 (50%) and 2 of 8 (25%) of yolk sac tumors (Figs. 1C, D) (weak to strong and strong, respectively). All other germ cell tumors were negative for all 3 markers. Table 1 summarizes the immunohistochemical staining results. There was no evidence of any intraobserver variability.
DISCUSSION
The frequency of renal cell carcinoma metastasis to the testis is approximately 1%. 5 Despite this low prevalence, reports of unusual clinical presentations of metastatic renal cell carcinoma (testicular metastasis as initial diagnostic presentation of primary renal tumor, ipsilateral primary renal tumor with contralateral testicular metastasis, long interval to testicular metastasis, and paratesticular location of metastasis) [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] coupled with certain cases showing significant morphologic overlap can make accurate diagnosis challenging. Emerging data on the utility of diagnostic testicular mass biopsies 23 yielding small tissue sample can further complicate this problem.
The main goal of this study was to expand on our initial report of PAX-2, PAX-8, and hKIM-1 immunoreactivity in yolk sac tumors (4 of 5, 1 of 5, and 1 of 5 tumors, respectively) 3 by using additional and more numerous germ cell tumor subtypes. The current study's addition of 8 yolk sac tumors corroborates our initial findings, with PAX-2 and PAX-8 staining found in 50% Although our initial report showed no PAX-2/ PAX-8/hKIM-1 staining in 4 embryonal carcinomas, in this study we identified hKIM-1reactivity in 48% (10/21) of embryonal carcinomas. These detailed results, in conjunction with only 2 previously published findings [reported PAX-8 positivity in 3 of 7 "mixed germ cell tumor" 24 and reported PAX-8 positive in 1 of 49 germ cell tumors (single positive case was yolk sac tumor 2 )], further demonstrate the lack of unequivocal specificity of these 3 putative renal cell carcinoma markers and add to the growing list of reported immunoreactive tumor types. Although PAX-2/PAX-8/hKIM-1 immunoreactivity was not identified in the single choriocarcinoma and 5 teratomas, additional studies using more cases are needed for more definitive assessment. Another goal of this study was to investigate the immunoreactivity of PAX-2, PAX-8, and hKIM-1 in seminomas given a prior report of weak (1 to 2+/4+) PAX-8 staining in 2 of 3 cases. 1 Corroborating our initial report of no staining with these 3 markers in 20 seminomas, 3 we found no staining in 62 additional seminomas. The recent study by Tong et al 2 similarly found no PAX-8 staining in 32 seminomas. These findings may prove useful in separating a subset of morphologically challenging cases (in particular, metastatic clear cell renal cell carcinoma vs. seminoma).
It should be noted that although the hKIM-1 antibody as used in this study is not currently commercially available, development is underway and should be accessible in the near future (personal communication, J.V.B., Boston, MA). Although some antibodies reportedly sharing homology with hKIM-1 are commercially available (TIM-1; R&D Systems, Minneapolis, MN and KIM-1; Immunology Consultants Laboratory, Newberg, OR), the diagnostic utility of these markers has not been fully evaluated in this study, limiting appropriate comparative analysis.
In summary, we confirm PAX-2/PAX-8/hKIM-1 reactivity in yolk sac tumor as we previously noted in a smaller series 3 and demonstrate hKIM-1 reactivity in embryonal carcinoma. Our findings indicate that these putative renal cell carcinoma markers should be used cautiously, particularly in cases with morphologic overlap, unusual clinical presentation, and small sample size. A panel approach inclusive of germ cell tumor-specific markers (eg, SALL4) may be useful in these cases. In contrast to prior reports, PAX-8 showed no staining in seminoma. Although the results of this study could conceivably be applicable to extragonadal germ cell tumors, additional studies are needed for verification.
